Objective: Neonatal intensive care units (NICUs) impose stressors on development. Comparative studies have focused mostly on the units' medical qualities and less on their developmental 'ecology'. The aim of the study was to develop a tool for measuring the various domains of a developmentally appropriate practice in the NICU environment, and to assess its implementation in Israel.
Introduction
Neonatal intensive care units (NICUs) are vital for the survival of many neonates, yet the characteristics of this environment also involve stressors that pose a risk to development. 1, 2 Concerns about the infant's experiences in the environment of the NICU, in particular, pain, sleep deprivation, high noise and light levels, and compromised human interactions, have led to the development of many early intervention programs. [1] [2] [3] [4] [5] Since the mid-1980s, these programs have emphasized the importance of providing the premature infant with early experiences that support development. The developmental supportive care (DSC), which is based on the assumptions that premature infants are active participants who communicate through their behavior and that their physiological and behavioral regulatory capacities must be bolstered, 1 includes a range of medical and nursing interventions. Among them are positioning, graded and adapted sensory stimulation, kangaroo care, non-nutritive sucking, pain control, reduction of stress factors in the environment, assigning specific nurses for the baby, and family-centered care. 1, 2, [6] [7] [8] From the variety of developmental interventions, the following three components of DSC in the NICU may be discerned: (a) ongoing assessment of the neurodevelopmental condition of the premature infant, along with an individualized and dynamic care program; (b) controlling the environment, and reducing the environmental stressors so as to allow the premature infant rest and maintenance of a positive energetic balance; and (c) focusing on the family and encouraging parents to take an active part in caring for the baby. [8] [9] [10] [11] [12] The implementation of developmental interventions could be integrated into a systematic method, as in the case of the Neonatal Individualized Developmental Care and Assessment Program (NIDCAP). 6 Studies on the effects of the developmental approach as manifested in individualized developmental care have demonstrated a variety of positive outcomes, including decreasing respiratory support, [13] [14] [15] [16] advancement of oral feeding, 13, 14 shorter stay in hospital, 13, 14 enhancement of neurodevelopmental outcomes 14, 17 and empowerment of the parents, 17 as well as enhancement of brain function and structure in premature babies who had taken part in NIDCAP. 18 However, criticism has been leveled at methodological aspects, specifically, small sample size in many of the studies, and the need to continue research to verify a consistent effect. 9, 19, 20 The principles of DSC have guided neonatal care in recent years across the western world, 9 yet, there is a wide diversity in the application of its components in different NICUs. [21] [22] [23] Systematic comparative research of NICUs mostly focused on medical aspects of care in terms of care practices and developmental outcomes. 5, [24] [25] [26] Comparative studies on NICUs that focus on the developmental 'ecology' is sparse; comparative reports regarding developmental aspects in and between NICUs typically review trends and models rather than presenting empirical quantitative comparisons. For example, Als 1 reported that in NICUs in the western world, the application of supportive developmental care and the familycentered approach is only partial in most cases; however, quantitative data are not reported. In their review of the practice of individualized DSC, Bakewell-Sachs and Blackburn 27 reported a wide variation, where many NICUs apply NIDCAP, whereas other units underscore specific intervention programs that provide a physical environment that supports preterm babies. The need for systematic quantitative comparisons of DSC components is recognized in the literature. For example, a study on lighting reported a dearth of methodical comparative research on lighting conditions in NICUs in the USA and around the world. 28 Equally lacking are comparative data on the family-centered approach and on psychosocial intervention in different NICUs. 29 Gale and Franck 30 highlighted that policies and methods designed to minimize barriers to parenting are inconsistently implemented, and that support to parents remains inconsistent and sometimes substandard.
Several comparative studies examined specific aspects of DSC, including pain relief, 31, 32 visiting practices, 33 control of lighting and noise, 34 staff training in NIDCAP, 35 use of the NIDCAP and developmental teams, 21 and nursing-care procedures. 22 Comprehensive quantitative comparisons of the multiple facets of DSC in NICUs, within and between countries, are still few and far between.
The purpose of the present study was threefold. First, to develop a comprehensive questionnaire that measures a DSC as applied in neonatal intensive-care practice. Second, to design an index that taps a developmentally appropriate neonatal intensive-care practice, labeled here as the DANIP index. Finally, to measure the application of a developmentally appropriate approach as practiced in NICUs in Israel, and to identify some of the factors that correlate with the implementation of such an approach.
Methods

Subjects
Twenty-four NICUs that constituted all the active units in Israel at the time of the survey took part in the study (two small units in private hospitals and one unit that transferred the premature babies to another unit at the time of the study were not included in the study). The participating units were recruited based on the list obtained from the national database of very low-weight infants. The demographic characteristics of the units are shown in Table 1 .
To obtain information reflecting the work procedures and practices in each unit, it was essential to sample senior medical staff (department director, deputy or a senior neonatologist) and a senior nursing staff member. In addition, and in accordance with the recommendations of Frank and co-workers, 34 a member of the social work team and/or of the physiotherapy/occupational therapy team was also given the questionnaire. Out of 88 questionnaires sent to the NICUs, 76 were returned (response rate of 86%), averaging at 3.1 respondents per unit. Half of the units responded fully, 10 units had one source of information missing and two units had two sources missing. For calculating a unit's score, we relied on the combined responses, underscoring the information provided by the senior nursing staff member (only in one unit the senior nurse did not respond).
Instruments and procedure
The DANIP index was developed with a view to characterize the overall 'developmental climate' in NICUs, and to quantify the care and support of preterm infants and their families, as practiced in Israel. The definition and substantiation of the index were based on the literature describing the components of the developmental approach, 1, 2, 5, 11, 36, 37 as well as on preliminary empirical data obtained, as will be described below.
As shown in Figure 1 , the questionnaire was developed in steps. The focus of the first step was the NICU's physical environment, particularly control procedures. In a pilot study that included 12 units, a preliminary version of the tool was tested. This preliminary version was adapted, and in light of additional literature review, a comprehensive version of the questionnaire was developed. In a complementary tool (labeled the developmental specialist questionnaire), a wider range of practices and interventions (for example, sensory stimulation program and neonatal individualized developmental assessment) were presented to a sample of 15 child development specialists, all experienced in neonatal and/or early Measuring developmental practice in NICUs O Atun-Einy and A Scher care for premature infants (for example, physicians heading child development units, developmental pediatrics specialist in NICUs and senior pediatric occupational and physical therapists). These specialists responded to a list of 18 items, which described procedures and interventions that appeared in the literature, by marking the degree of importance (from 1 ¼ not important to 4 ¼ very important) they attributed to these practices when considering the developmental needs of premature infants. In addition, an open-ended question allowed the experts to add other procedures and/or interventions. Drawing on the outcomes of these preliminary steps, the questionnaire used in the present survey was finalized. Before administering the tool for data collection, it was content validated based on the opinion of another group of experts in child development (n ¼ 5) who defined the tool as testing the NICU environment and the nonmedical intervention programs. The DANIP questionnaire consisted of 57 items (yes/no questions, items marked on a four-point scale and open-ended questions) in three sections that described the unit and assessed its 'developmental ecology'. The first part included eight items that provide background and demographic details on the NICU and its staff, such as size of the unit, years of operation and number of neonatologists. The second, and main part of the questionnaire, consisted of 36 items that described organizational aspects (for example, visiting hours and follow-up clinic), environmental procedures (for example, noise control and cycled lighting) and nonmedical intervention programs (for example, kangaroo care). This section served to define the DANIP index, as will be described below. The third part of the questionnaire dealt with the attitudes and beliefs of the respondent about the importance of various NICU practices and interventions for the development of the premature infant. This section consisted of 13 statements (for example, 'cycled light is very important') scored from 1 ¼ not important to 4 ¼ very important. These statements consisted of items that represent general models of intervention (for example, overstimulation, sensory deprivation or the synactive model) as well as items that focus on specific practices and programs such as environmental control or parents' programs. The questionnaire measured policies as well as the staff members' attitudes and contained closed-and open-ended questions. Although the open-ended questions leave the degree of detailing to the respondent, and thus risk the omission of important details, reliance on several sources of information, as in the present study, partially mitigates this limitation.
The DANIP index (see Appendix 1), which was extracted from the questionnaire, consisted of the following three scales: (a) parental and family involvement, (b) environmental control, and (c) individualized care and assessment, representing the three domains of developmentally appropriate practices. 8,10 -12 The parental and family involvement scale consisted of 8 items; environmental control scale consisted of 17 items, including items pertaining to noise control (5 items), light (8 items) and caregiving procedures (4 items); and individualized care and assessment scale consisted of 5 items. Although each scale was composed of different number of items, the relative contribution to the weighted DANIP index was identical (that is, 33.3%). Note that sensory stimulation programs were excluded from the index; included instead was the manner of adaptation of the stimulation program for the premature infant. This was in keeping with the emphasis in the literature on the many facets that define the programs as developmental, including the importance of individual adaptation. 2, 5 Two features of the DANIP index should be highlighted. In keeping with the comparative objective of the survey, the index score for each unit represented the weighed number of reported components and practices (in each domain) out of the described practices in the entire population. Components of the DSC that appear in the literature, but were not reported in any of the NICUs in the study population, were not included in the current index (this was particularly characteristic of the individualized care and assessment scale). In other words, the current form of the DANIP index measured the care and support of preterm infants and their families as applied in Israel, rather than the level of implementation of all possible components of developmental care and NIDCAP. A second feature of the scoring procedure was that the calculation of the DANIP index for each NICU relied on the unit's profile as represented by clumping together information provided by all the respondents from the same unit (typically, a senior medical staff member, a senior nursing staff member and another member of the team). The reliability of the questionnaire was assessed in two ways: with respect to the practices and programs of each of the units, the interrater agreement among the respondents from the same unit was 82%, and as for the attitudes and beliefs section of the questionnaire, reliability was tested by means of Cronbach's alpha. As presented in Table 2 , internal consistency of this section of the questionnaire, based on 35 respondents, was a ¼ 0.86.
Statistical analysis
Statistical analyses were undertaken with SPSS for Windows. Descriptive statistics, Spearman and Pearson correlations, and t-tests were applied. Figure 1 The development of the DANIP index: steps and procedure.
Measuring were practiced at identical frequency (17%) and performed mostly in combination. Only one-third of the NICUs had a specified protocol for light and/or noise control, and 3 out of the 24 NICUs used a sound-measuring device. The minimal handling protocol (minimizing and clustering caregiving procedures) was reported in a great majority of NICUs (70%), but awareness of the importance of uninterrupted sleep to the baby was reported only in 54% of them. The alleviation of pain was reported by 62% of the units, mainly after mechanical ventilation and invasive procedures. Assigning permanent nurses to the premature infants throughout the hospitalization (primary care) was reported in only 1 out of the 24 units.
Only four NICUs (16.7%) reported applying individual matched care and stimulation; another 16.7% reported partial application dependent on the infant's medical stability and age. In eight units (33.3%), no criterion for adjustment of care was mentioned. Regarding the application of techniques defined as developmental, non-nutritive sucking proved especially common (75%), 58% of the units reported frequent use of the kangaroo care and only 33% of the units reported using positioning technique. In addition, the absence of the most essential components for this domain was glaring: ongoing assessment of stress signs of the infant and application of individualized assessment and care. 35 Only in one unit was one nurse trained in NIDCAP.
A wide variation in frequency of sensory stimulation, manner of stimulation and even in stimulation equipment was reported. In 57% of the units, sensory stimulation programs were applied frequently ('often' or 'always'). To further examine the various types of stimulation programs, units with frequent application were identified. In these units, 1 to 6 kinds of stimulation have been reported including tactile (29%), positional (33%), vestibular (12.5%), auditory (29%) and visual (37.5%) stimulations, with an average of three kinds of stimulation per unit. Of the units that reported high frequency of practice of stimulation programs, only one-third of them reported individual adjustment.
The degree of implementation of a developmental approach, as represented by the DANIP index and scales, was not related to the degree of perceived importance attributed to intervention models (for example, overstimulation model), or to the importance attributed to the specific components of the developmental approach (for example, parental and family involvement).
Discussion
Based on a pencil-and-paper tool designed to define and measure the application of a developmentally sensitive approach in NICUs, the study revealed large variability among the units in the application of procedures and programs that are considered developmentally appropriate. Overall, the NICUs in Israel have implemented a variety of components and aspects of DSC; however, the application did not consistently follow an integrated form of the Measuring developmental practice in NICUs O Atun-Einy and A Scher developmental care as provided by NIDCAP. Even the unit with the highest degree of implementation applied only about two-thirds of the range of practices and programs reported across the present sample of units. This pattern is in accordance with the variability in the definition and application of developmental care. 20, 21, 27 The results also concur with Als's 1 assertion that despite the shift toward a new model of DSC and a family-centered approach in many NICUs, across the western world, its application is only partial. The present findings are also in line with the consistent variability revealed in comparative studies of NICUs that focus on medical procedures. [24] [25] [26] Of the three dimensions of the DANIP, the parental and family involvement domain proved salient. The tendency to shift the focus of intervention from the premature infant to the parents was reflected in the findings of the present survey. In light of the difficulties and discrepancies described in the literature, 23 ,30,38 a task for a future study would be to examine, both quantitatively and qualitatively, the application of this domain. Conspicuous in the units' reports were the high frequency of active participation of the parents in the caring for their baby and the frequency of practicing a liberal visitation policy. The literature highlights the importance of early planning for discharge of the premature baby from the unit. 36, 37 Guiding towards discharge was indeed reported in about half the NICUs, but only in a few of them was a structured discharge plan described. This distinction is especially important in light of the findings of Sheikh and co-workers, 39 who pointed to a considerable gap between nurses' reports and parents' perceptions on parental guidance. In many of the units surveyed, parental groups were reported; this fits with the recommended participation of parents. 36 In contrast, only a few NICUs conducted specific orientation programs at admission to the unit or provided guidance to parents on how to evaluate the infants' neurobehavioral state as the basis for sensitive handling. This void is noteworthy given the importance of these programs. 36 From the reports, it appears that the importance of environmental control is appreciated by the staff. Still, based on the low prevalence of application of such a control (for example, quiet hours and noise measurement), the relatively low interrater agreement (72%), as well as comments on the difficulty in applying such control and the desire for change, one may infer that both the application of environmental control and its evaluation are problematic. The findings pointed to a significant association among the different aspects of environment control, that is, among light, noise and caregiving procedures; however, application of noise control 40 proved particularly low. This finding is in accord with Frank and co-workers, 34 who surveyed (in 1991) 155 units across the US. To the best of our knowledge, more recent comparative data have not been published.
Cycled lighting and covering of incubators were reported as a relatively common and frequently applied practice. However, given the lack of consistency described in the literature regarding application of cycled lighting in the same unit, 2, 12 this finding should be interpreted with caution. A 'lights out' practice was largely partial, hence impeding evaluation of the actual amount of lighting. As for caregiving procedures, the minimal handling protocol was reported in a great majority of NICUs (70%), but awareness of the importance of uninterrupted sleep to the baby, as described in the literature, 1 was reported only in about half of them. The alleviation of pain was reported to be at a high frequency mainly after mechanical ventilation and invasive procedures. Given the complexity of defining and measuring pain and the lack of comparative data, continued research effort is essential. Finally, although assigning permanent nurses to the premature infants throughout the hospitalization (primary care) is a highly recommended practice, 1 it was reported only in 1 out of the 24 units in Israel compared with 66% of the surveyed NICUs in Frank and co-workers' US sample. 34 Individualized assessment and care was quite a rare practice. Recall that the DANIP index used here excluded components that none of the units reported using. The main practice in this category, adjusting care according to continuous observation of the infants' ability to contend with the environmental stimuli, 35 was applied only in a small proportion (only 4 out of the 24 units). Adjustment of care to the baby according to medical stability and/ or developmental age was reported at a higher frequency. However, in one-third of the NICUs, no criteria for adjustment were indicated. This finding is noteworthy given the current view that sensory stimulation, without consideration of the individual's capacity for sensory intake, may cause injurious overstimulation. 2, 5 In addition, the absence of the most essential components for this domain was glaring: no ongoing assessment of stress signs of the infant nor application of NIDCAP. 35 The negligible rate of developmental training falls far short of the recommendations. Als 1 states that training of 10% of the nurses in every NICU is the necessary minimum to create a lever for successful application. Westrup and co-workers, 35 who summarized the Swedish experience in applying developmental individualized care in reference to NIDCAP training, reported that by 2002, in one-third of the NICUs, continuous observations were performed by trained team members, and in a further one-third of the units, by team members while in training.
Correlates of the DANIP index
The most widespread application of the developmental index characterized large units with multidisciplinary teams. No other measured background variable accounted for the DANIP index's variability. With respect to the contribution of a multidisciplinary team to developmentally appropriate practice, the finding reinforces the assertion in the literature that the presence of a multidisciplinary developmental team is critical for the systematic adoption of the developmental approach in support of the application effort and the educational effort, and in identification of problems and coping with them. 1, 34, 35 It is important to note that only 3 out of the 24 units reported the presence of an occupational therapist, a surprising finding considering that the literature has described in great detail the function of occupational therapy in neonatal care. 12, 41 The involvement of physiotherapists varied across units. Speech therapy in the unit, described in the literature, 7 was entirely absent from the reports of NICUs in Israel. The attitudes of the senior staff pertaining to developmental issues were not associated with the degree of application of a developmental approach. The senior staff of NICUs seemed to assign great importance to the components of the developmental approach, but their practical application was only partial. A similar gap between knowledge, beliefs, attitudes and application was found in a study on pain alleviation in the NICU, 42 and in a study on family-centered approach. 43 Recall that for the attitudes part of the questionnaire, senior staff members were chosen as respondents representing practices in the unit. Since application depends on the behavior of the entire team in the unit, in the future, a wider and more representative investigation of the views and attitudes of the entire staff is warranted.
Conclusion
The instrument that was developed here is a good starting point for comparative studies, within and between countries. The DANIP index provides a quantitative measure that may be used, across time, to monitor change in longitudinal studies. One clear advantage of the DANIP index is the coverage of a wide scope of programs and interventions that, in earlier studies, were surveyed separately. In this study, the weighted index was restricted to practices and procedures that were in use in the present group of units; other researchers may decide to score the index in a way that reflects the entire variety of DANIP procedures and programs. Such a strategy is particularly suitable for international comparisons. A future version of the tool could also include information on the decision-making process pertaining to the selection of interventions, as well as on assessing the aspects of the socioemotional climate in the NICU. Another objective for a future investigation is to validate the tool through observations of the practices in the domains that can be measured directly, such as noise and lighting levels, frequency of medical procedures, pain relief procedures and the extent to which the family-centered practice components are implemented. Future prospective studies could examine the predictive validity of the DANIP index for subsequent child outcomes, and as a compass for guiding improvements in the quality of early care. The tool could serve to illuminate neglected areas as well as to consolidate ways for improving the application of developmentally sensitive care. This could be relevant at different levels of the system: the neonatal unit, the hospital and the health system at large.
